Phylogenetic reconstruction of the evolutionary relationships among 61 of the 70 species of the parrotfish genera Chlorurus and Scarus (Family Labridae) based on mitochondrial and nuclear gene sequences retrieved 15 well-supported clades with mid Pliocene/Pleistocene diversification. Twenty-two reciprocally monophyletic sisterspecies pairs were identified: 64% were allopatric, and the remainder were sympatric. Age of divergence was similar for allopatric and sympatric species pairs. Sympatric sister pairs displayed greater divergence in morphology, ecology, and sexually dimorphic colour patterns than did allopatric pairs, suggesting that both genetic drift in allopatric species pairs and ecologically adaptive divergence between members of sympatric pairs have played a role in diversification. Basal species typically have small geographical ranges and are restricted to geographically and ecologically peripheral reef habitats. We found little evidence that a single dominant process has driven diversification, nor did we detect a pattern of discrete, sequential stages of diversification in relation to habitat, ecology, and reproductive biology. The evolution of Chlorurus and Scarus has been complex, involving a number of speciation processes.
INTRODUCTION
Adaptive radiations are episodes of phenotypic diversification in rapidly multiplying lineages that result in ecologically divergent groups of species (Schluter, 2000) . A pervasive theme in the vertebrate literature concerns the concept of radiation as a series of stages, in which diversification proceeds through discrete sequences of phenotypic differentiation (Streelman et al., 2002; Streelman & Danley, 2003; Sallan & Friedman, 2012) . The most relevant example in this context is the model of radiation by stages in which different vertebrate radiations follow similar evolutionary trajectories, diverging sequentially along axes of habitat, trophic morphology, and communication (Streelman & Danley, 2003) . Under this model, the first two stages (ecological) are driven by natural selection, and the third (reproductive) is driven by sexual selection (Streelman & Danley, 2003) . One of the primary exemplars for this model of adaptive radiation was the evolution of parrotfishes, comprising a speciose group of fishes confined largely to coral reefs (Streelman et al., 2002; Streelman & Danley, 2003) . As a result, the processes of sequential diversification under this radiation in stages model have been applied to the evolution of reef fish faunas, especially the Labridae (Smith et al., 2008; Kazancioglu et al., 2009) . However, recent studies suggest that aspects of this model require reconsideration. First, the concept of sequential action of natural and sexual selection could be profitably re-examined to determine whether these processes are contemporaneous and interacting, rather than separate in time (The Marie Curie Speciation Network*, 2012). Second, explicit tests have questioned the concept of radiation in stages (Sallan & Friedman, 2012) . Third, the extent to which alternative evolutionary processes such as neutral divergence after geographical isolation have been important in the evolution of parrotfishes requires further examination . The main aim of the present study was to examine the pattern of species-level divergences in the most speciose clades of parrotfishes aiming to determine the extent to which they conform to a model of adaptive radiation as an explanation for the diversity of this group.
The parrotfishes are a clade of speciose (ten genera, 99 recognized species; Parenti & Randall, (2011) but morphologically uniform (Bellwood, 1994) perciform fishes notable both for their abundance on present day tropical reef systems and their presumed functional importance (Bellwood & Wainwright, 2002) .They were previously recognized as a distinct family, the Scaridae, closely related to the Labridae and comprising two sub-familial groups: the scarines and sparisomatines. Phylogenetic analysis (Westneat & Alfaro, 2005) revealed that the parrotfishes are nested within a monophyletic Labridae and are sister to cheiline labrids. Parrotfishes (scarinae) are therefore referred to as scarine labrids in the present study.
The most speciose elements of this taxon, the genera Scarus, Chlorurus, and Sparisoma, display a pattern of recent diversification that is restricted largely to the last 3.5 million years Smith et al., 2008; Alfaro et al., 2009) . The distribution of diversity is uneven in terms of taxonomic structure and biogeography. A single genus, Scarus, accounts for over 50% of the species, and 70% of all known scarines occur in the Tropical East Pacific and Indo-West Pacific biogeographical regions (Parenti & Randall, 2000 , 2011 . Parrotfish are relatively uniform in terms of morphology and foraging modes, usually grazing in multi-specific schools over rock and calcareous substrata, (Bellwood & Choat, 1990; Bellwood, 1994) . This morphological uniformity contrasts with the complex reproductive biology of parrotfishes; most are protogynous hermaphrodites, with many taxa manifesting distinctive sexually dimorphic colour patterns (Choat & Robertson, 1975; Robertson & Warner, 1978; Kazanciog lu & Alonzo, 2010) and plasticity in somatic growth (Gust, 2004; Munday et al., 2004) . This combination of taxonomic, ecological, and reproductive characteristics has prompted a number of studies on their evolutionary history, with nine phylogenetic analyses emerging over the last decade.
The evidence for a recent and rapid diversification in scarines (Alfaro et al., 2009; Kazancioglu et al., 2009) , coupled with the analysis of morphological evolution of the pharyngeal and oral jaws (Price et al., 2010) , has focused attention on the processes underlying their speciation. Initial studies (Streelman et al., 2002) identified a pattern of diversification that represented a classical example of an adaptive radiation, with a signature of natural and sexual selection (Streelman & Danley, 2003) . These studies suggested that partitioning by habitat occurred in the deepest evolutionary nodes, with sparisomatinine (primarily Sparisoma and Calotomus) species being associated with seagrass habitats, and scarinines (Bolbometopon, Cetoscarus, Hipposcarus, Chlorurus, and Scarus) associated with coral reefs. Trophic diversification was visualized in terms of the development of scraping or excavating feeding modes linked to the fusion of dental plates and jaw articulations that provided flexibility (for scraping) and increased power (for excavating) calcareous reef substrata. Streelman & Danley (2003) further proposed that the dominant element in the more recent diversification of lineages within the scarine clade involved socio-sexual behaviour (male territoriality and breeding systems), and associated colour pattern development, with sexual selection the primary process.
Subsequent studies (Alfaro et al., 2009; Kazancioglu et al., 2009; Price et al., 2010) analyzed rates of morphological change in the scarine labrids and the extent to which modification of the pharyngeal and oral jaws may be implicated in the diversification of speciose clades of parrotfishes. These studies concluded that that, although changes in the pharyngeal (Alfaro et al., 2009) and especially the oral jaws (Price et al., 2010) of scarinine parrotfishes occurred at a greater rate than observed in other labrid taxa, and, in the latter case, were correlated with lineage diversification, these changes were not the underlying cause of the cladogenesis that characterizes some groups of parrotfishes. Alfaro et al. (2009) and Kazancioglu et al. (2009) concluded that the pattern of increased rates of diversification was better explained by the evolution of extreme dichromatism (and other social and behavioural characters relating to sexual selection) within Scarus and Chlorurus. This conclusion was consistent with the sequential pattern of diversification proposed by Streelman & Danley (2003) .
Previous phylogenetic analyses (approximately 50% of the known species of Chlorurus and Scarus) focussed on the roles of ecological diversification and sexual selection as factors driving diversification. The role of geographical isolation as a process driving diversification has not been considered in detail. Identification of sister taxa, analysis of geographical ranges, and estimates of the ages at which divergence occurred are a necessary step in analysis of the patterns associated with speciation in this group. Robertson et al. (2006) provided a phylogenetic analysis for the genus Sparisoma, retrieving a strong signal of allopatric speciation as the primary agent of diversification in Sparisoma and Nicholsina. They did not find evidence for sexual selection being a dominant process in the diversification of the group.
The current literature thus poses two contrasting scenarios for the evolutionary diversification of scarine labrids: allopatric speciation (i.e. divergence as a result of the geographical disruption of gene flow) versus adaptive radiation in sympatry. The relative frequency of allopatric versus sympatric distributions of sister species is an important step for understanding speciation in parrotfish genera. Allopatric distribution in sister taxa suggests that speciation has been driven by genetic isolation of geographically distinct populations. The expectation under this scenario would be for relatively minor differences in morphology, ecology, and colour patterns in recentlydiverged species pairs. By contrast, sympatric distributions of sister taxa would suggest that natural and/or sexual selection has driven the diversification. In this case, we would predict greater differences in size, morphology, habitat associations, and colour patterns between sister taxa, even in recent divergences. Therefore, we assess patterns of distribution, ecology, and sexual colour dimorphism, as well as evolutionary ages of sister species. This approach would also shed light on the utility of the three-stage model of adaptive radiation proposed by Streelman et al. (2002) and Streelman & Danley (2003) . We note that, although current sympatric distributions of sister taxa and evidence of ecological and reproductive divergence implies selection on these traits, it does not follow that such species initially diverged in sympatry.
The present study, which represents the first comprehensive species-level analysis of the two most speciose clades of parrotfishes, has two objectives. First, is the development of comprehensive time-calibrated phylogeny sufficient to establish the relationships and spatial distribution of Scarus and Chlorurus sisterspecies pairs? If this is the case, it would be possible to determine: (1) whether there is a dominant spatial pattern of allopatry versus sympatry and (2) whether the pattern and magnitude of differences in ecological and reproductive characteristics of sister taxa differs among allopatric versus sympatric sister pairs. Second, given the importance placed on ancestral scarine habitats in previous studies, such a phylogeny would allow the assessment of temporal and spatial patterns of diversification aiming to identify the ancestral habitats of taxa at the base of the tree.
MATERIAL AND METHODS

TAXON SAMPLING
The phylogenetic analysis incorporated 61 species (see Supporting information, Table S1 ) comprising 16 of the 18 described species of Chlorurus and 45 of the 52 described species of Scarus (Parenti & Randall, 2011) . Samples were obtained by selective spearing and netting, markets, and by exchanges of tissue samples through colleagues and institutions. A further four species (Bolbometopon muricatum, Hipposcarus harid, Hipposcarus longiceps, and Cetoscarus bicolor) were included as outgroups.
LABORATORY PROCEDURES
Total DNA was extracted from tissues using standard salt-chloroform and proteinase K digestion extraction procedures (Sambrook & Russell, 2001) . Three markers, two mitochondrial (control region, 16SrRNA) and one nuclear, S7 ribosomal protein gene Intron1 (S7I1), a gene essential for growth (Synetos, Dabeva & Warner, 1992) , were sequenced to explore the evolutionary relationships among the parrotfishes (see Supporting information, Table S2 ). Each 20-ml polymerase chain reaction (PCR) reaction volume contained 2.5 mM Tris-Cl (pH 8.7), 5 mM KCl(NH 4)2SO4, 200 mM each dNTP, MgCl2 ranging from 1.5 mM to 4 mM, 10 mM each primer, 1 unit of Taq Polymerase (Qiagen) and 10 ng of template DNA. Amplifications followed the same basic cycling protocol: an initial denaturing step of 2 min at 94°C, followed by 35 cycles, with the first five cycles at 94°C for 30 s, 30 s at primer specific annealing temperatures (T a) followed by extensions for 1 min 30 s at 72°C, with the remaining 30 cycles performed as before but at Ta -2°C. PCR products were purified by isopropanol precipitation. Two species, Scarus arabicus and Scarus koputea, routinely amplified two bands of equal size (S7I1) that could not be separated on the agarose gel; therefore, they were cloned before sequencing S7I1. We employed standard cloning procedures in accordance with the manufacturer's instructions (pGEM®-T Easy Vector Systems; Promega). Purified templates were quantified by ultraviolet-visible absorbance (ND-1000 Spectrophotometer; NanoDrop) and sent to Macrogen Inc. (South Korea) for direct sequencing in both directions.
DATA COMPILATION
Duplicate sequences were edited using SEQUE NCHER, version 4.5 (Gene Codes Corp.), automatically aligned using CLUSTALX (Thompson et al., 1997) and finally manually corrected using SE-AL, version 2.0 (http://evolve.zoo.ox.ac.uk) (Rambaut, 1996) . Sequences have been deposited in GenBank under accession numbers JX026453-JX026661.
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Three specific sequences were downloaded from GenBank: one for the control region: C. bicolor (AY324589, I.-S. Chen, unpubl. data); and two for 16S rRNA: Scarus coelestinus (AY081083) and Scarus guacamaia (AY081085) (Streelman et al., 2002) . Two of the three genes, the mitochondrial 16SrRNA and the nuclear intron (S7I1), were partitioned into putative stem (conserved 16S = 500 bp, S7I1 = 458 bp) and loop (hypervariable 16S = 105 bp, S7I1 = 194 bp) regions. In total, five separate gene partitions were identified and each region was examined for its best fitting model using MRMODELTEST, version 2.2 and Aikaike information criterion (AIC) (Nylander, 2004; Nylander et al., 2004) . The five separate gene partitions, each with their specific model, were subsequently concatenated for phylogenetic analysis.
PHYLOGENETIC ANALYSIS
Maximum parsimony (MP) analyses were implemented in PAUP* 4.0b10 (Swofford, 1998) using heuristic search methods with 1000 pseudoreplicate bootstraps, tree-bisection-reconnection branch swapping, and random addition of taxa. Two separate heuristic MP runs were performed. First, all sites were treated equally and second, sites were weighted 2 : 1 according to gene partitions; the combined S7I1 (stem and loop, 652 bp) with 16S (stem and loop, 605 bp) sequences were given a weight of 2, and the control region (470 bp) was given a weight of 1. A 50% majority-rule consensus tree was generated from all shortest trees obtained.
Bayesian inference (BI) analyses were implemented in MrBayes, version 3.1.2 (Huelsenbeck & Ronquist, 2001 ) using CIPRES Portals (Miller et al., 2009) (http://www.phylo.org/sub_sections/portal), The analysis of the concatenated data used a partition-mixed model method (pMM) utilizing the identified locusspecific substitution models. Six Bayesian pMM analyses were performed using Markov chain Monte Carlo (MCMC) simulations with four chains of 5 000 000 generations each, sampling trees every 500 generations. Stationarity was reached after 20 000 generations, visualized in TRACER, version 1.5 , and a 50% majorityrule consensus tree was computed using the best 10 000 post burn-in trees from each run. Two outgroups, C. bicolor and B. muricatum, were used to root resulting trees. The single best tree was selected for molecular dating.
MOLECULAR DATING
Fossil records of scarine labrids are limited (Bellwood, 1996; Bellwood, 1997; Bellwood & Wainwright, 2002) . The available records include a sparisomatinine parrotfish Calotomus preisli (Bellwood & Schultz, 1991) Bellwood & Schultz (1991) comprised two tooth fragments unique to the genus Bolbometopon. This material has been used to age previous parrotfish phylogenies (Streelman et al., 2002; Smith et al., 2008; Alfaro et al., 2009; Kazancioglu et al., 2009) .
To estimate ages of diversification for the present Chlorurus-Scarus study, we first had to re-examine and calibrate age divergences of the parrotfish phylogeny of Streelman et al. (2002) (Streelman & Karl, 1997) ; 12S: AF285920 and AF285927 (Tang, 2001) ; 16S: AF112577 (Farias et al., 1999) and AF119402 (Bernardi & Crane, 1999) ; cytochrome b: AF119399 (Bernardi & Crane, 1999) and AY208553 (Quenouille, Bermingham & Planes, 2004) ] and two cichlids [accession numbers TMO-4c4: U70347 and U70357 (Streelman & Karl, 1997) ; 16S: AF112584 (Farias et al., 1999) and AF112637 (Farias, Orti & Meyer, 2000) ; cytochrome b: AF370631 and AF370632 (Farias et al., 2001) ] were included. The latter four species were used to: (1) root the phylogeny and, more importantly, (2) calibrate the base of the best tree because two fossil pomacentrids, Palaeopomacentrus orphae (Bellwood & Sorbini, 1996) and Lorenzichthys olihan (Bellwood, 1999) , were described from the lower middle Eocene at Monte Bolca, Italy. Both fossil pomacentrids have one common feature (synapomorphy) with modern pomacentrids: two-anal fin spines in supernumerary association (Bellwood, 1999) . Using Streelman's data with four additional outgroup taxa, we reconstructed a modified Streelman parrotfish topology by BI employing a pMM method as described above. The resulting best-inferred tree of Streelman's data (Newick format available from S. Klanten) was then used to estimate divergence times. It is this modified Streelman parrotfish topology with age estimates (available from S. Klanten) that served as a basis to select a range of ages to date our comprehensive Chlorurus-Scarus phylogeny.
Initial calibrations of our Chlorurus-Scarus phylogeny were performed in r8s (Sanderson, 2004) , selecting five dates (12, 14, 16, 18, and 20 Mya) derived from the modified Streelman's aged topology (see above) and henceforth referred to as legacy ages. In addition, an internal age of 3.5 Mya for the transisthmian Scarus hoefleri-perrico sister pair was included. We employed a log PL algorithm (Sander-son, 2002) with an appropriate smoothing factor to generate separate chronograms. These chronograms were each subsequently used as starting trees for five separate analyses in BEAST, version 1.6 . BEAST estimates ages using a Bayesian MCMC algorithm by sampling trees. The advantage of this algorithm is that it simultaneously estimates branch lengths, all possible topologies, substitution models, and ages based on fossil calibrations. Furthermore, BEAST allows a relaxed clock to estimate rates independently on different branches, either from an uncorrelated exponential distribution or uncorrelated lognormal distribution (UCLD). Five separate legacy calibrations (12, 14, 16, 18, and 20 Mya) were performed each using 5 ¥ 10 6 MCMC generations with the Yule speciation process (pure birth model) and an UCLD rate model. The following priors were employed after rigorous testing: legacy ages (tmrca) with normal distribution and 1.25 SD, a set internal age of 3.5 Mya with an SD of 0.5; lognormal priors for ucld.mean, meanRate, covariance, and exponential priors for yule.birthRate and ucld.stdev. All resulting files were inspected in TRACER, version 1.5 to determine that all runs converged and obtained effective sample size values > 200. Resulting tree files were summarized in TREEANNOTATOR with a specified tree and visualized in FIGTREE, version 1.3.1 (Rambaut, 2009) (http://tree.bio.ed.ac.uk/software/figtree/) to illustrate the 95% highest posterior density intervals (HPDs) on selected nodes.
DISTRIBUTIONAL ANALYSIS
Individual species distribution maps were generated through the IUCN Red Listing process (see Supporting information, Table S3 ). Range size estimates for individual species were obtained through measurement of the area (km 2 ) occupied by each species as shown on the distribution maps using IMAGE TOOL (see Supporting information, Table S3 ). Two recent analyses of the biogeography of reef-associated biota (Spalding et al., 2007; Briggs & Bowen, 2012) were used to classify distribution patterns. The partitioning of tropical marine environments (warm oceans) into the Indo-West Pacific, East Pacific, Western Atlantic, and Eastern Atlantic (Briggs & Bowen, 2012) accommodated the major biogeographical patterns in the present study. Sensu Spalding et al. (2007) , the Indo-West Pacific region was partitioned as the Western Indo-Pacific (Red Sea and Gulf of Aden to western Sumatra), Central Indo-Pacific (Gulf of Tonkin to Fiji), and the Eastern Indo-Pacific (Hawaii to Marquesas). The Tropical East Pacific extends from the Gulf of California in the north and to northern Peru in the south (Robertson & Cramer, 2009 ). The Tropical Atlantic was partitioned as the north-west Atlantic (primarily the Caribbean) and the south-west Atlantic (Brazil), and West Africa and the Gulf of Guinea (Spalding et al., 2007) . The archipelagos at the junction of the Indian and Pacific oceans were identified as the Coral Triangle Region (Veron, 1995; Allen, 2008) .
General habitat categories were based on association of reefs with three types of landmasses: continental coasts, high islands, and oceanic islands. The classification is based on distance from continental shores and island size because exposure to terrestrial influences such as run-off may have profound influences on the scarine fauna (Russ, 1984a, b; Mellin et al., 2010) . High islands were considered to have a minimum area of 150 km 2 with vegetation cover and the potential for run-off and sedimentation (Arnberger & Arnberger, 2001) . Oceanic islands had land areas < 150 km 2 with a distance > 200 km from the nearest landmass. For these islands, the dominant influences were exposure to open ocean conditions and reduced impact of terrestrial run-off and sedimentation. The habitat structure of the central Indo-Pacific has been strongly influenced by geologically-recent variations in sea level, including the inundation of the Sunda shelf, resulting in the creation of vast new habitat areas (Coller, 2009; Crandall et al., 2012) . This represents a recent and novel habitat for parrotfishes, although occupancy appears to be restricted to only a few species. Accordingly, percentage occupancy of the Sunda Shelf habitat was estimated for Indo-Pacific species (see Supporting information, Table S3 ).
Analysis of distributional allopatry and sympatry was restricted to reciprocally-monophyletic sister species as identified from the phylogeny of 61 species. The method used to estimate the degree of distributional sympatry among sister species followed that previously used by Barraclough & Vogler (2000) and Quenouille et al. (2011) . The degree of sympatry in sister species was defined as the percentage of overlap between the range of the more restricted species with its more widespread sister. Spatial sympatry in scarine sister species varied to a greater degree than that recorded in the above studies. For example, Quenouille et al. (2011) recorded sympatry indices as being consistently > 0.95 in various reef fish taxa. However, the present study identified the lower bound of sympatric overlap as 0.41, whereas allopatric taxa had a spatial overlap of < 10% (0-9.1). Chesser & Zink (1994) also recorded greater variation in the degree of spatial overlap than Quenouille et al. (2011) when identifying a speciation mode. For example, in five taxa in which allopatric speciation was identified, they found that distributional overlap varied from 0.07 to 0.197. For the purposes of the EVOLUTIONARY HISTORY OF PARROTFISHES 5 present study, we defined allopatry as < 10% overlap, and sympatry as > 10% overlap, which is consistent with the classification of Quenouille et al. (2011) .
MORPHOLOGICAL ANALYSIS
Species of Chlorurus and Scarus exhibit important functional differences in the structure of oral and pharyngeal jaws (Bellwood & Choat, 1990; Wainwright et al., 2004; Price et al., 2010) . These differences are reflected in external morphology, especially the dimensions of the dental plates and the relative proportions of the head. Head and jaw dimensions are associated with different feeding and foraging modes Bellwood & Choat (1990) . Six morphological variables based on the analyses of Bellwood, (1994) and Bellwood & Choat, (1990) were obtained from digital image measurements of five individuals of each of the 61 species, using IMAGE TOOL (http://compdent.uthscsa.edu/ dig/itdesc.html). In addition, we estimated body size and dimensions that have been shown to influence swimming speed and foraging modes in reef fishes (Fulton & Bellwood, 2005) .
The majority of images were obtained from specimens, although, for a number of larger, rarer species, underwater images of living individuals were used. Measurement biases associated with parallax precluded a landmark-based analysis of this data set. The variables measured were fork length, body depth, head length, maximum cheek depth, snout profile, and dental plate exposure. These measurements were used to estimate the means for each species. Because length measurements could not be obtained from images of living individuals, fork length is the mean of the three to seven largest specimens where fork length could be accessed. Three meristic variables of major importance in separating scarine species, median predorsal scales, number of cheek scales, and pectoral rays, were also counted. The resulting data matrix was analyzed using hierarchical cluster analysis of euclidian distance and average linkage in PRIMER (http://www.primer-e.com/). Descriptions of colour patterns were obtained from digital images of living and newly-collected specimens taken in the field.
RESULTS
PHYLOGENETIC INFERENCE
We examined 1727 bp of sequences, of which approximately 40% was parsimony-informative. The two mitochondrial markers, 16S rRNA and control region, had 605 and 470 bp, respectively, and the nuclear S7I1 contributed a further 652 bp with (14%, 63%, and 57% parsimony-informative sites, respectively). Five gene-specific models (based on AIC) were used for Bayesian partition analysis: 16S stem required a SYM + I + G model, 16S loop required a GTR + G model, the control region (CR) required a HKY + G model, and finally the S7I1 stem and loop both required a HKY + G model. The model selection for Bayesian pMM analysis only requires a general 'form' of the model because the Markov chain integrates uncertainties of the parameter values. Therefore, four of the five gene partitions (16S loop, CR, S7I1 stem and loop) had an unequal base frequency, whereas the 16S stem partition's base frequency was set to fixed = equal. Stationarity of the Bayesian analyses was reached after 20 000 generations in all six runs, visualized in TRACER, version b1.5 and the 50% majority rule consensus tree topology was no different from the best trees of each run (best tree lnL = -21 652.052) with very high posterior probabilities (Fig. 1A) . Both MP and Bayesian analyses produced the same tree topology. We therefore included only the support for each retrieved node (Fig. 1A) .
In all trees, Hipposcarus was sister to Chlorurus and Scarus. The Bayesian analysis was consistent with previous studies with respect to confirming the monophyly of Chlorurus and Scarus with strong support (Fig. 1A) . Analysis of the 45 species sampled from the genus Scarus identified ten clades, with the most basal, SC10, (Fig. 1A) consisting of a complex ᭤ Figure 1 . Inferred phylogeny of parrotfish genera Chlorurus, Scarus, and Hipposcarus (scarinine labrids) based on a comprehensive taxon sampling (63 out of 72 extant species) and two known outgroup species, Bolbometapon muricatum and Cetoscarus bicolor, obtained by Bayesian and maximum parsimony (MP) analyses for three loci (16S, control region, S7I1). A, topology of the best Bayesian tree (consensus of 10 000 trees) with posterior probabilities (%) and bootstrapsupport (> 50%) of MP (1000 bootstrap replicates) are indicated, asterisks (*), representing 100% posterior probability/ bootstrap support respectively. Numbers following species complexes of Scarus ghobban, and Scarus rubroviolaceus represent the regions: 1 Eastern Pacific (EP), 2 Great Barrier Reef (GBR), 3 Seychelles (SY), 4 Oman (OM). Clade names(CH, SC) are indicated representing five Chlorurus and ten Scarus clades. B, chronogram based on BEAST Markov chain Monte Carlo runs with 95% highest posterior density interval (HPD) in million years (Myr). Black circles indicate nodes that were constrained, tmrca (SD) at 16 Myr, tmrca (HS) at 13 Myr and the trans-isthmian sister pair tmrca(hoefleri/perrico) at 3.5 Myr. Nodes are numbered (for mean age and HPD range estimates, see Short branch lengths and relatively poor resolution of some internal nodes suggested a period of rapid diversification of these genera in the late Miocene/ early Pliocene. Age estimates for Scarus and Chlorurus are provided in Table 1 . For Scarus, the mean age of 6.8 Mya (95% HPD 4.4-7.8) was older than that of Chlorurus, 5.5 Mya (95% HPD 2.6-5.7), suggesting a more recent diversification of the latter genus. The tropical Atlantic clade SC6 had an estimated mean age of 4.52 Mya, which is older than the divergence of the east Pacific populations of S. ghobban (mean age, 0.17 Mya) and S. rubroviolaceus (mean age, 0.93 Mya). Scarus perrico (East Pacific endemic) was sister to the endemic eastern Atlantic S. hoefleri, with a mean divergence age of 3.4 Mya. The oldest divergence estimates were found in species at the base of the tree that were also endemics with peripheral distributions. These included Scarus zufar (mean age, 5.5 Mya), S. arabicus (mean age, 3.6 Mya) from the Omani coast and Gulf of Aden, S. hoefleri and S. perrico (mean age, 3.4 Mya) from the eastern Atlantic and eastern Pacific, respectively, and Chlorurus perspicillatus (mean age, 4.5 Mya), endemic to the Hawaiian Islands. Species endemic to the Red Sea Chlorurus gibbus and Scarus collana showed different mean divergence estimates of 0.49 and 3.86 Mya, respectively, suggesting a pattern of repeated speciation in this area.
The phylogenetic analysis presented here retrieved a topology and chronology consistent with that of three previous studies (Smith et al., 2008; Alfaro et al., 2009; Kazancioglu et al., 2009) . Although the mean ages estimated in the present study for Scarus and Chlorurus were slightly older than in these previous studies (6.8 versus 6 and 5.48 versus 4 Mya), they lay within the 95% HPD interval of Alfaro et al. (2009) .
DISTRIBUTION PATTERNS
The 61 species analyzed were distributed across the Indo-West Pacific, East Pacific, and Atlantic Ocean regions ( Fig. 2A, B, C, D, E, F, G, H, I , J, K, L, M, N, see also Supporting information, ). The majority (57%) of species had relatively small range sizes, of < 3.0 ¥ 10 6 km 2 . Two species, S. rubroviolaceus and S. ghobban, had ranges that spanned the tropical Indo-West Pacific and Eastern Pacific regions (26 000-28 000 km of longitude), with three others, Scarus niger, Scarus frenatus, and Scarus psittacus, exhibiting longitudinal ranges > 15 000 km (Fig. 2) . Ten species were endemic to small (< 15% of the mean range size) areas of the Western, Central, and Eastern Indo-Pacific, and the Tropical East Pacific (sensu Spalding et al., 2007) . Five of these (C. gibbus, S. arabicus, S. collana, Scarus persicus, S. zufar) were restricted to the north-west Indian ocean (Red Sea, Gulf of Aden, and Oman), two (S. compressus, (Fig  2A-E) and ten clades (SC1-SC10)of Scarus Fig 2F-N) . Clade structure and support from Fig. 1 . Time dials indicate mean age (red arrow) with 95% highest posterior density interval (HPD) (grey area) for each clade.
Mapping species distributions revealed variable patterns of spatial overlap among the different clades within each genus. For Chlorurus, five of six sisterspecies pairs had allopatric distributions (Fig. 2B , C, D, E), with only one pair (Chlorurus bowersi and Chlorurus bleekeri) ( Fig. 2A) showing significant (75%) overlap. Distribution patterns in Indo-Pacific species of Scarus were more complex, with some clades (Fig. 2M, SC8, 9 ) dominated by allopatry, others (Fig. 2L, SC7 ) by sympatry, and others (Fig. 2F, I , SC1, 4) displaying mixtures of sympatric and allopatric distributions. Tropical Atlantic species formed a single clade in which six of the eight western Atlantic species had sympatric distributions within the north-west Atlantic area (Fig. 2K) . The most notable feature of clade SC6 was the distribution of the allopatric species pair S. hoefleri, east Atlantic, and S. perrico, east Pacific. Among the six pairs of allopatric sister species of Scarus in the Indo-Pacific, boundaries were located at the junction of the Pacific and Indian Oceans (N = 4) and between the southwest and north-west Indian Ocean (N = 1) and between Hawaii and the Central Pacific (N = 1) (Fig. 2) . The primary area of overlap between sympatric Indo-Pacific species of both genera was the Coral Triangle at the junction of the Indian and Pacific oceans (four of six cases; 
COMPARISONS AMONG SISTER-SPECIES GROUPS
Nodal age estimates for reciprocally monophyletic sister-species pairs (Table 1) indicate the time taken to achieve the distributions shown in Figure 2 . Table 2 identifies the 22 sister species with six Chlorurus and 16 Scarus (12 Indo-Pacific, four Tropical Atlantic). There were clear distinctions between the mean percentage distributional overlap observed in allopatry (1.9%) and sympatry (79.7%). However, the mean evolutionary age estimates for allopatric (1.48 ± 0.24 Mya) and sympatric sister pairs (1.55 ± 0.32 Mya) could not be separated and the former age range spanned that of the latter (ranges of 2.24 to 1.72 and 1.23 to 1.87 Mya, respectively). Sympatric sister pairs, even including those with very young evolutionary ages, had diverged in range sizes and habitat association (see Supporting information, Table S3 ).
Among five of the eight sympatric pairs, one pairmember tended to have a much smaller geographical range and colonize habitats on continental and high island shelf systems. In such cases, the other member a more extensive distribution over oceanic reef systems, and its range encompassed all or the great majority of the range of the former. Examples include C1 C. bowersi/C. bleekeri ( Fig. 2A) , S1 S. niger/ Scarus altipinnis (Fig. 2F) , S8 Scarus ferrugineus/ S. persicus (Fig. 2H) , S22 Scarus rivulatus/Scarus globiceps, and S23 Scarus chameleon/Scarus festivus (Fig. 2L ). The differences were most striking where one member of a species pair ranged over the oceanic Island systems of both the Indian and Pacific Oceans (S. globiceps/S. rivulatus) with S. rivulatus being associated with continental margins including the Table S3 ). The remaining sympatric species (S3, S4, S18; Fig. 2 ) pairs showed similar range sizes for each member of the pair. In summary, there is some evidence that sympatric sister species, even those of relatively young evolutionary ages, will rapidly diverge in terms of range sizes and habitat characteristics. Although this suggests that sympatric sister pairs may diverge in range size and habitat association, this needs to be confirmed by a more extensive analysis of allopatric species pairs.
Divergence in ecological traits in allopatric versus sympatric groups was evaluated by comparing the pattern of evolutionary relationships in the phylogeny (Fig. 4A ) with a dendrogram of the same species based on ecologically relevant morphological and meristic variables. These included head and jaw proportions and body dimensions (Fig. 4B) . The molecular and morphological trees were largely congruent at the generic level. However, within each genus, there were groups that were similar to or had diverged from those in the molecular tree. The dendrogram retrieved three clusters with distinctive suites of morphological characters. Cluster 1 consisted of relatively small members of Scarus characterized by acute head profiles with reduced cheek depths and partially concealed dental plates. Cluster 2 was dominated by members of the genus Chlorurus and the older taxa of Scarus S. zufar, S. arabicus, and S. perrico. These three species displayed morphologies, including obtuse head profiles, increased cheek depth, and large prominent dental plates, similar to those of Chlorurus. The third cluster consisted of the largest species of Scarus and Chlorurus, including the distinctive clade of large excavating species Chlorurus microrhinos/strongylocephalus/ gibbus. At a finer scale, large elements of the allopatric clades CH2, CH4, CH5, SC1, and SC10 were mirrored in the morphological dendrogram, whereas the integrity of the sympatric clades (Fig. 4A) was lost with the exception of a single example (S. persicus/ S. ferrugineus); morphological differentiation occurred in seven of eight sympatric pairs but only in five of 14 allopatric pairs.
We also observed differences in colour patterns between sister species with sympatric versus allopatric distributions. This was notable in the terminal phases including the sympatric pairs C. bleekeri/ C. bowersi (CH1) and S. niger/S. altipinnis (SC1). The former displayed striking differences in the head region of the terminal colour phases (TP) (Fig. 2A) . In the S. niger/S. altipinnis pair, the differences were even more pronounced, and involved changes to the whole body colour pattern (Fig. 2F) . In allopatric members of this same clade (i.e. S. altipinnis/ Scarus prasiognathus/S. falcipinnis), the differences were the result of modifications to a basic pattern, rather than the development of fundamentally different patterns. This is shown more explicitly in SC10, where colour patterns in the allopatric clade members Scarus schlegeli/Scarus russelii/ 
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Scarus fuscopurpureus display only minor modifications to the basic terminal colour phase. The main features of colour pattern differentiation in sympatric and allopatric sister species are shown in Figure 5 . Examples of terminal phase differentiation in sympatric sister species are shown in Figure 5 I (1A-3B) . The greatest differences occur in the head region, and clearly illustrate the contrasts with the TP phase of allopatric sister taxa in Figure 5 I (4A-5B). The diagrams are scaled to size to illustrate the differences in the body size trait for sympatric sister taxa.
Differences between sympatric sister-species pairs and allopatric sister-species pairs were also apparent in the initial colour phase patterns (Fig. 5 II, 6A-7C ). Figure 5 III (8A, B) illustrates the possible loss of an entire colour phase, as seen in tropical Atlantic sympatric species.
DISCUSSION
Our phylogenetic reconstruction provides a comprehensive analysis of the evolutionary relationships of the genera Scarus and Chlorurus. Although previous studies included a relatively small number of species (31 versus 61) (Alfaro et al., 2009; Kazancioglu et al., 2009) , such analyses retrieved similar patterns of clade structure to those reported in the present study. These included a distinctive clade of Atlantic species, a basal clade of Scarus containing S. schlegeli and Scarus flavipectoralis, and a more recent clade of wide-spread species including S. altipinnis, S. prasiognathus, and S. niger. Increased taxon sampling enabled us to identify pairs of sister species and also local endemics that were critical in reconstructing the probable course of evolutionary events.
Distributional analyses revealed that sister taxa varied from spatially isolated to completely overlapping. In the Indo-Pacific, species boundaries were co-incident with ocean basin boundaries, with species overlap occurring largely in the central region (Coral Triangle). In the tropical Atlantic, geographical breaks occurred between the Caribbean and the Brazilian coast, with sister-species overlap confined to the Caribbean. In all three oceans, species with small range sizes were geographically peripheral and confined to marginal coral reef habitats in the northwestern Indian Ocean, the Eastern Indo-Pacific and the Tropical East Pacific. These were dominated by older lineages and may represent relictual distributions. Timing of divergence suggested that distributional sympatry could be rapidly achieved and was often associated with habitat divergence. Our conclusion that different taxonomic groups of reef species will vary in their evolutionary histories mirrors that of Malay & Paulay (2010) . Compared to most other labrid tribes (Barber & Bellwood, 2005; Cowman & Bellwood, 2011; Hodge et al., 2012) , scarines have a brief evolutionary history, colonizing coral reefs well after the Miocene.
In previous studies (Streelman et al., 2002; Streelman & Danley, 2003; Smith et al., 2008; Kazancioglu et al., 2009) , adaptive radiation driven by both natural and sexual selection was seen as the dominant process driving cladogenesis. By contrast, our results suggest that diversification of Chlorurus and Scarus involved a number of processes, including a major role for allopatric speciation (i.e. genetic isolation associated with geographical isolation) ( Table 2) , which mirrors the findings of Robertson et al. (2006) . This does not imply that natural or sexual selection played no role in allopatric divergences (Sobel et al., 2010) ; rather, we observe that, in contrast to the situation in the majority of sympatric species pairs, we found only minor eco-morphological and colour differences in more than 70% of allopatric species pairs. Moreover, we do not seek to draw a line between allopatry and sympatry because much work remains to be done on the influence of reinforcement both in species pairs that have diverged sympatrically and in pairs that have undergone allopatric divergence and then come into secondary contact.
PHENOTYPIC DIVERSIFICATION IN A COMPLEX TAXON
In comparison to sympatric sister pairs, allopatric species pairs tended to maintain their integrity in the Percentage overlap estimated as the proportion of the species with smaller range size that live within the distribution of the larger range size. (Barraclough & Vogler, 2000) Sympatry > 10% overlap; allopatry < 10% overlap. Mean nodal ages from Table 1. cluster analysis based on body dimensions and size, head-shape, and dental plate metrics. This implies ecological similarity among allopatric species pairs, which also showed relatively small differences in colour pattern (Figs 4B, 5) . Examples are seen in the S. schlegeli/russelii/fuscopurpureus and Chlorurus microrhinos/strongylocephalus/gibbus complexes (Fig. 2B, N) . Sympatric sister-species pairs displayed greater differences in morphology, size (Fig. 4B) , and colour pattern traits (Fig. 5) . In addition to extreme differentiation in terminal colour phase (e.g. (Fig. 2F) , the loss of an entire colour phase in each of the co-occurring species as seen in S. guacamaia/coelestinus represents another potential mechanism for reproductive differentiation in sympatric sister species.
S. altipinnis/niger)
A further difference in ecological traits among sympatric sister species occurred in the relative size of their geographical distributions and types of reef habitats occupied. The sympatric pair C. bleekeri/ bowersi (Clade CH1) displayed a 130% difference in their range areas, a reflection of the colonization of western and central Pacific oceanic reefs by C. bleekeri ( Fig. 2A ; see also Supporting information, Table S3 ). The sister pair S. festivus/chameleon (SC 7), with a very recent time of divergence (0.35 Mya), provides an even more striking example. Scarus festivus inhabits oceanic reefs of both the Indian and Pacific Oceans, whereas its sister species S. chameleon is confined to high island and continental shelf reefs of the Indo-Australian archipelago. A similar pattern is seen in the pair S. rivulatus/globiceps (SC 7), which, despite a modest evolutionary age (1.2 Mya), displayed marked differences in longitudinal range, size, and terminal phase colour pattern.
Scarus rivulatus is one of the few species to successfully colonize the recently inundated and largely non-reefal areas of the Sunda Shelf (see Supporting information, Table S3 ). This division in habitats between closely-related species is similar to that recorded for clades of the gastropod Drupella (Clearmont, Reid & Williams, 2011) and Atlantic labrid fishes (Rocha et al., 2005) . However, a more comprehensive comparison of range sizes and habitat associations in allopatric species pairs, and which also controls for ocean-basin differences in reef area and habitat structure, is required to fully flesh out and test this comparison. Our data indicate that allopatric and sympatric sister species have similar evolutionary ages and provide little evidence of increased time to sympatry. The relatively low mean values for the evolutionary ages of sympatric pairs may reflect the rapid divergence of sisters in sympatry, or the re-establishment of sympatry after rapid allopatric divergence.
Evolution in the tropical Atlantic involved fewer species, with sympatry as the dominant distributional pattern. This group displayed the greatest disparity in sizes recorded among the species in the present study, with S. guacamaia achieving a maximum weight 100-fold greater than in the smallest species, S. iseri. However, the two sympatric members of the clade containing S. guacamaia, S. trispinosus and S. coelestinus, (S. guacamaia and S. coelestinus), are similar in body size and shape, although they differ greatly in colour pattern: bronze and green versus black and blue. The pairs S. taeniopterus/zelindae and S. guacamaia/trispinosus displayed allopatric distributions, with the former in each case confined to the Caribbean and the latter to Brazil. These recently diverged (1.0 Mya) species pairs each represent the same scenario of geographical isolation, with Amazon outflow constituting a barrier (Rocha & Bowen, 2008) as described for species of Sparisoma . A third allopatric pair, S. hoefleri/perrico, diverged 3.4 Mya before the closure of the isthmus.
COLONIZATION OF REEF HABITATS AND THE ESTABLISHMENT OF PRESENT DAY BIOGEOGRAPHICAL PATTERNS
The chronology of the Indo-Pacific species of Scarus offers clues to the origin of the tropical Atlantic assemblage. Given the age of this genus, it is unlikely that the tropical Atlantic fauna has a Tethyan origin. Earlier studies, Bellwood (1994) and Smith et al. (2008) suggested that Scarus arose in the IndoPacific and repeatedly crossed the east Pacific barrier before the closure of the Panamanian Isthmus, implying entry to the Atlantic from the west. Smith et al. (2008) identified S. ghobban as the likely ancestor of the Atlantic fauna. However, the diversification of the widespread clades that include S. ghobban and S. rubroviolaceus, both of which have colonized the east Pacific, appears to be relatively recent (Lessios & Robertson, 2006; Fitzpatrick et al., 2011) , implying arrival at the eastern margins of their range well after the closure of the Isthmus. Scarus compressus and S. perrico provide contrasting chronologies, with the former being an east Pacific sister to S. ghobban, and the product of the most recent divergence within the genus (Tables 1, 2 ). Scarus perricois a relatively ancient East Pacific endemic and sister to the West African endemic S.hoefleri. This raises the possibility that an ancestral Scarus colonized the Atlantic around southern Africa from the Indian Ocean, migrated through the Atlantic, and passed westwards through the Central American Isthmus to produce S. perrico. We cannot exclude the possibility that the common ancestor of the S. perrico/hoefleri pair was the product of an earlier diversification of the IndoPacific Scarus fauna that crossed the east Pacific barrier before the closure of the Isthmus but, given the time frame of Indo-Pacific diversification and easterly migration, this is less likely.
The geographical distribution and divergence times of the endemic species S. zufar, S. collana, and S. arabicus (Fig. 2M, N) suggests that the initial diversification of Scarus took place in the western margin of the Indo-Pacific, with progressive migration eastwards. This culminated in the arrival in the east Pacific of the colonizing clades of S. rubroviolaceus and S. ghobban in the mid to late Pleistocene. In addition, diversification of clade SC9 is associated with a progressive eastwards colonization, resulting in a number of central Pacific endemics (e.g. S. koputea, S. dubius) that are associated with isolated island habitats (Fig. 2N) . The provenance of Chlorurus is less clear. The location of the endemic C. perspicillatus in Hawaii and the greater ages of Pacific clades of Chlorurus spilurus relative to Chlorurus sordidus (Beck, 2011) suggest a Pacific origin and westerly expansion, with the most recent divergence, C. gibbus, arising in the Red Sea.
Both genera contain distinctive endemic species, a number of which are associated with marginal reef habitats at the periphery of the Indo-Pacific and the tropical Atlantic. Fifteen such species with range sizes of < 0.8 ¥ 10 6 km 2 were identified (see Supporting information, Table S3 ). However, these species displayed a wide range of ages, suggesting that a number of evolutionary processes have acted on peripheral populations. Six species (i.e. S. zufar, S. arabicus, S. collana, S. perrico, S. hoefleri, and Chlorurus perspicillatus) occupied basal positions in their relevant clades, and share a mean evolutionary age of 4.04 ± 0.34 ¥ 10 6 years. All are located in geographically peripheral habitats, with four restricted to ecologically marginal coral reef habitats. This pattern suggests that the ancestral habitats of Scarus at least were rocky rather than coral reefs, and that colonization of well developed coral reefs occurred late in the evolutionary history of the clade. At least three of these species, namely S. perrico (east Pacific), S. arabicus, and S. zufar (Oman and the Gulf of Aden), possess robust exposed dental plates, obtuse head profiles, and extensive cheek areas, which are characters that group them morphologically with the excavating genus Chlorurus (Fig. 4B) . It is not known whether these shared anatomical features result in the same biting mechanics and power as seen in Chlorurus, although one interpretation is that these endemics represent an earlier radiation of the genus Scarus (Rosenblatt & Hobson, 1969) 
CONCLUSIONS AND FUTURE STUDIES
Speciation and the nature of evolutionary processes underlying diversification of sympatric sister taxa Previous reviews of the evolution of parrotfishes considered them to be exemplars of a model of adaptive radiation in which the component species diverged sequentially along axes of habitat, trophic morphology, and communication (reproduction). By contrast, our analyses revealed examples of contemporaneous patterns of both neutral (drift in allopatry) and adaptive (natural and sexual selection in sympatry) divergence, and did not support the concept of a single dominant sequential process underlying diversification. Moreover, we saw little evidence of a pattern of sequential and independent episodes of natural (i.e. on ecological characters) and sexual selection in parrotfish evolution. We conclude that interactions among ecological and reproductive traits provide a more plausible explanation for species diversification, with the order and intensity of these being influenced by the environmental setting in each case. For the 64% of the sister species that are allopatric, divergence with genetic drift after isolation is the most plausible process. For sympatric species pairs, the processes are likely to be more variable. If local adaptation interacts with sexual selection then divergence in ecological and reproductive characteristics over relatively limited geographical scales and in the face of gene flow is plausible (van Doorn, Edelaar & Weissing, 2009; Maan & Seehausen, 2011) . However, the complex geography of areas where range overlap is recorded would also allow for initial allopatric divergence followed by secondary range expansion to achieve contemporary sympatry. Further work is required to determine the degree to which natural and sexual selection have interacted, and whether divergence has occurred in the presence of gene flow (The Marie Curie Speciation Network*, 2012) . From the perspective of our results and conclusions, there are two priorities for future study: determining (1) the extent to which adaptive divergence has played a EVOLUTIONARY HISTORY OF PARROTFISHES 25 role in parrotfish speciation and (2) the relationship between the rate of diversification and the intensity of natural and sexual selection.
Temporal patterns in sister-species diversification
A number of sympatric sister-species pairs (e.g. S. festivus/chameleon, S. globiceps/rivulatus) (Fig. 2L ) displayed evidence of rapid and extensive colonization of Indo-Pacific reef systems over relatively short time periods. A process involving rapid expansion of geographical range size leading to overlap with the range of the sister taxon suggests that re-establishment of sympatry after allopatric divergence (Weir & Price, 2011) occurs rapidly. However, although it is possible to date the divergences of sister species, the evolutionary age of individual taxa is more problematical. Investigation of the alternative hypothesis (i.e. that the taxon with the greater range is in fact older than suggested by age estimates derived from estimates of sister divergences) (Hodge et al., 2012) requires coalescence analysis of phylogeographical data (Marko & Hart, 2012) . This is a priority for future research. The assumptions that: (1) widespread species such as S. festivus have been invariant over extended evolutionary time periods or (2) they cannot achieve widespread distributions within the Indo-Pacific in the time periods indicated, require further testing (Hodge et al., 2012) .
What processes have driven the rapid diversification and colonization of coral reefs by parrotfishes?
The most striking features of parrotfish evolution concern the apparent complexity of the speciation processes, rapid colonization of the world's tropical reefs, and the retention of relatively conservative morphologies and foraging modes at the same time as exploiting novel ecological opportunities. The structure and geographical organization that characterize present day coral reefs was established during the Miocene (Bellwood & Wainwright, 2002) . Unlike other reef fish groups that underwent significantly increased diversification rates during this period (Cowman & Bellwood, 2011) , parrotfishes diversified on coral reefs during the Pliocene, approximately 12 Myr after modern reefs were established (Alfaro et al., 2009; Kazancioglu et al., 2009) . Thus, it is unlikely that parrotfishes were historically important in determining the biological organization of present day reefs. Three aspects of present day parrotfish habitat associations, diets and foraging modes, and distribution patterns, provide a focus for future studies. First, many of the older taxa presently occur in marginal reef habitats; are these representative of early environment of this group? Second, a number of taxa are associated with newly developed non-reef habitats and continental shores exposed by rising sea-levels subsequent to the latest glaciations, as opposed to well developed oceanic reef systems. Is there a temporal sequence in habitat associations with occupancy of fringing reef habitats preceding colonization of well developed and oceanic reef systems? Third, to what extent does the exploitation of a resource base represented by the protein and lipids residing in benthic detrital and bacterial aggregates; the microbial, plant and meiofaunal, and plant assemblages; and living corals (Crossman, Choat & Clements, 2005) contribute to our understanding of the rapid diversification of parrotfishes on tropical reefs. Their role on present coral reefs and the history of this association remains an event of fundamental importance in reef ecology.
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Species
Location and ID Code
Outgroups
Bolbometopon muricatum (Valenciennes 1840)
Lizard Island, GBR Australia (1951 Australia ( /1952 Australia ( /1953 
